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© Vitrified grinding wheel. 



© Bonding of sintered sol-gel aluminous abrasive grits, comprising sub-micron sized alpha alumina crystals, in 
vitrified (ceramic) wheels results in abrasive performance superior to premium grade fused alumina in grinding 
tool-steels. Viscosity of the bond and/or temperature of firing must be controlled to avoid reaction between the 
bond and the abrasive. 
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Th.s mvent.on relates to vitrified (glass) bonded grinding wheels containing aluminous abrasive 
"! re 0, ° re : the best abrasive < other than cubic boron nitride) for use in vitrified grinding wheels for 
ZTn % , " eg '°° lroom 9" n ding, have been very high purity alumina grits preferably produced by 

fus.on of alum.na .n a sulfide matrix, and are essentially mono-crystalline particles 

lho Re£ * n «y alumina-spinel abrasives produced by the process of U.S. Patent 4,314.827 have appeared on 
r»hoTh !L n COat l 3bra ! iVe Pr ° dUCtS SUCh 38 ,lexible c,otn -bonded belts and fiber discs. Such abrasives 
thl h «? ? y ? • maki " 9 conventional vi,ri «ed bonded grinding wheels, perform no better than 

,n dry 9rindin9 and are markedly ,ess effective in wet grinding than the 

It would be desirable to produce a vitrified grinding wheel containing an aluminous abrasive, made by 
s.ntenng of an alum.na gel. which is superior to the conventional fused alumina in vitrified grinding wheels 

cartas hllnTn by - thS U " ° f a ' Umina 9ritS made UD of submic ™ alpha-alumina 

particles having a non-cellular m.crostructure, vitrified bonded grinding wheels can be made which are 

markedly superior to such wheels which contain fused alumina as the abrasive 

Accordingly, the above object is met by a vitrified grinding wheel comprising aluminous abrasive grits 
and an inorganic glassy bond characterized in that said abrasive grits comprise sintered polycrystalline 
alumina grits made up of submicron alpha alumina particles having a non-cellular microstructure. said grits 
having a dens.ty of at least 95% of theoretical, the bond is a high alumina and silica bond and the wheel is 
fired I at a temperature of 1220' C or less and matured at a temperature of 1220- C or below 

The abras.ve employed in this invention differs from the commercially available sintered gel type 
abras.ve in m.crostructure in that the commercial abrasives contain the alumina in the form of porous cells 
or grams hav.ng sometimes typically the appearance of sunbursts. The cells are generally coarser than 5 
um typically 8 to 10 urn . and are single crystals. In the abrasive employed in this invention the cellular or 
sunburst structure is absent, and the alpha alumina particles are all submicron 

The abrasive useful in the present invention is made by firing at 1250'C. to 1400'C, dried alumina oel 
« S S Ih a r° ntain ^^'T alpha - a,umina seed P-W. - the amount, typical.y. of about™ by 

ss^tssr need no,> but may> contain ma9nesia and need not - but may - c ° ntain 

hnnd Fi LnHTH emP K S t0 abrasives ,n vitrified wheels ^suited in total failure due to reaction between the 
S.f! 3braS,Ve - " W3S the " d ^ere6 that if the firing temperature of the wheels was reduced to 
1100 C. or less, for convent.onal bonds, or 1220'C. or less for more viscous high alumina and silica 

SeoTv of V eaCti °? T 8V ? ided - ' n ° ther W ° rdS the b ° nd is ma,ured at a temperature a' wlh 

of tZ IZ I . r 1 S T ad , VerSe ' y aff6Cted bV the b0nd - Such extreme sensitiv «V to firing temperature 
of the wheel is not found when the prior art sintered gel type alumina or fused alumina grits are employed 

Sfi «rt n a T, a o 9r T S h Were PrePar6d bV CrUShi " 9 and firing 3 dried 9el containing sub-micron alpha alumina 
with ™Z *t f T P roduced by mi ™ 9 Mna P°wder (microcrystalline boehmite) 

of L it w" u' ^Tr 1 Wei9h ' % (01 t0 2%) ° f SUbmiCr0n a, ? ha a,umina P^les. After drying 

°hli T k / !" UP 3nd f ' red 31 135 °" C - f0r 3b0Ut 5 minutes - Various e * am P'*s of production of the 
abras.ve can be found in co-pending Application Serial No. 85 100 506.6 filed Jan. 18. 1985 and in co- 
pending Application Serial Number 85 106 752.0 filed May 31 1985 ' 

CO m™! el L We h e !°? non ' ce,lular ' at least 95% dense, abrasive made from seeded gels and 
compared to wheels made from premium commercially available fused alumina (sulfide process) and from 
abrasive gnts corresponding to Example 41 (alumina and 5% magnesia) of U.S. Patent 4 314 827 
to tht H 0 m ' X I? 9 f ra ! iVe 9ritS With 9 ' aSS b0nd in 9'edients. grinding wheels were pressed to shape and 
Lonrtt Th S J re h P ° * ° 45% (the miX induding 48 VOlUme % abrasive and 7.1 volume %, as fi'ed of 
and LI tn 8 8 W9re tbe " fir8d t0 110 °* C - 31 3 rate ° f 60 ' C - Der hour - so *°<i « 1100-C. for 6 hou^s 
nnm^- POW6r Wa ! SbUt ° ff 3nd the Wh6elS a " 0Wed to 0001 in the kiln to room temperature. The bond 

S^ P TiS 0 an 0 , n p. an o H baS l S T 1 m °' e ° f a ' ka,i 3nd a ' kaline earth ° xides of composition A. be.ow and 
Si0 2 , Ti0 2 and R 2 0 3 oxides identified as composition B, below. 



Composition A (mole fractions). 

Na 2 O f 0.47; KzO, 0.07; MgO, 0.25; CaO, 0.21 
55 Composition B (moles per mole of A) 

AI2O3, 0.58; Fe 2 0 3 , 0.01; BsOa, 0.65; Si0 2 , 3.77; Ti 2 0 3 , 0.03. 

The composition of the glass can thus be represented by the empirical formula: 
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(.47 Na 2 0, 0.07 K 2 0, 0.25 MgO, 0.21 CaO) 

0.58 AI2O3, 0.01 Fe 2 0 3 , 0.65 B2O3, 3.77 Si0 2 , 0.03 Ti0 2 . 



5 In grinding tests the following results were achieved for the 45% porosity (J8) wheels in grinding tool- 

steel employing 60 grit size (about 400 microns) abrasive. 
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Similar wheels made from commercially available sol gel abrasives containing about 5% MgO were 
inferior to the fused alumina in both dry and wet grinding. 

When fired at 1150*0., wheels containing the abrasive of this invention suffered a volume change 
25 (increase) of 7.9% and were inferior in grinding performance to the wheels containing the fused alumina (in 
which no volume change was observed in firing to 1150 e C). The commercial sol-gel abrasives suffered 
only about 2% linear growth on firing, but were still inferior to the fused abrasive wheels in grinding 
performance. 

It is believed that the growth of the wheels on firing is caused by absorption of the glassy bond into the 
30 abrasive grits during firing. The submicron crystal size of the alumina in the grits, apparently being 
responsible for such attack by the bond, which attack occurs much less in the case of abrasive grits having 
larger crystal size. While with the conventional glass bond described above, the highest allowable 
temperature is about 1100°C, variation of the composition of the bond, to produce a more viscous material 
at the firing temperature, can permit the use of higher firing temperature. 
35 For example, a glassy bond containing a molar ratio of alkali to alumina to silica of 1 to 1 to 6, with 70% 
of the alkali being potassium, could be fired to 1220* C. without damage to the abrasive. 



Olaims 



40 1. A vitrified grinding wheel comprising aluminous abrasive grits and an inorganic glassy bond character- 
ized in that said abrasive grits comprise sintered polycrystalline alumina grits made up of submicron 
alpha alumina particles having a non-cellular microstructure, said grits having a density of at least 95% 
of theoretical, the bond is a high alumina and silica bond and the wheel is fired at a temperature of 
1220 0 C or less and matured at a temperature of 1220* C or below. 

45 

2. A vitrified grinding wheel as in claim 1 , wherein said abrasive grits are prepared by firing dried alumina 
seeded gel particles. 

3. The vitrified grinding wheel of claim 1 , in which the gel contains 0.1 to 2.0 wt % of alpha alumina seed 
50 particles. 

4. The vitrified grinding wheel of claim 3, in which the gel contains about 0.6 wt % of alpha alumina seed 
particles. 

55 . 5. The vitrified grinding wheel of one of the preceding claims, in which the gel contains magnesia and/or 
zirconia. 



6. The vitrified grinding wheel of one of the proceeding claims in which the bond contains a molar ratio of 
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alkali to alumina to silica of 1 to 1 to 6, with 70% of the alkaline being potassium. 

7 ' flTn!" mak ' n 9 vitri « ed Qrinding wheels comprising polycrystalline aluminous abrasive grits in an 

haJina a nlTZ i ° ' Characterized in that said 9nts are made of submicron alpha a.umina partic.S 
s hav.ng a non-cellular m.crostructure and having a density of at least 95% of theoretical and in that the 

wheel ,s fired with the highest allowab.e temperature being about 1,100' C and matured L a 
temperature of 1,100* C, or below. maiurea at a 

" 8 ' s T e h e e de7gTpa°r!ictf ? that Said abra *- «"» P-pared by firing dried a.umina 

9 ' Ind r4 O 00 e - S C 0f C ' aimS 7 ° f 8> Characteri2ed in that the firi "9 of the grits is effected between 1,250' C 



zirconia. 



is 10. The process of claim 9, characterized in that the gel contains magnesia and/or zi. 

11. The process of claims 7, 8, 9 and 10 in which the bond contains a molar ratio of alkali to alumina to 
silica ot 1 to 1 to 6, with 70% of the alkaline beina 



alkaline being potassium. 
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